The Report on the Status of Health in the European Union (EUGLOREH) is a project aimed at describing health problems in member states of the European Community. This project is an effort of more than 170 European experts and the collaboration of the health authorities or institutions from all EU Member States, major intergovernmental, International and European Organizations and Agencies. In this report, for the first time special emphasis is given to chronic diseases. Chronic kidney disease (CKD) is increasingly recognized as a major public health problem. However, with some notable exceptions, until now this disease has received scarce attention both at European level and at member states level. In 2007, the ERA-EDTA Registry was invited to contribute to EUGLOREH. The Registry made a major effort to gather published and unpublished information on the epidemiology of CKD and ESRD and to provide a comprehensive overview on CKD and ESRD in European countries. The review was completed in early 2008 and included into the final EUGLOREH published in the WEB as of 20 March 2009.
Introduction
Chronic kidney disease (CKD) is increasingly recognized as a major public health problem. CKD can be detected via simple biochemical tests including a creatinine-based estimate of the glomerular filtration rate (GFR) [1] . CKD is now described based on internationally accepted definitions and diagnosed when structural or functional abnormalities of the kidneys persist for more than 3 months. The disease is categorized into five stages of increasing severity. Data derived from the National Health and Nutrition Examination Survey III (NHANES III) show that about 1 out of 10 adult Americans exhibit CKD [2] . Estimates in Asia and Australia [3, 4] indicate that the problem is of the same magnitude in those countries. In Europe, several surveys have now been completed [5] [6] [7] [8] [9] [10] [11] ; these studies indicate that CKD is of concern also in EU countries. CKD is a dangerous clinical condition for two reasons: first because renal impairment may prelude to the development of end-stage renal disease (ESRD), i.e. the disease stage where dialysis and transplantation are needed, second because it amplifies the risk for cardiovascular complications ( Figure 1 ). Independent from other risk factors, patients with stage 4-5 CKD have a death risk for cardiovascular complications which is 2-4 times higher than that of the coeval general population, whilst patients with ESRD have a 100 times higher risk [12] . There is coherent, undisputable evidence that treatment can prevent or delay kidney disease progression and the resulting cardiovascular complications [13] [14] [15] [16] [17] [18] [19] [20] , but this knowledge has rarely been translated into public health policies. Moreover, early detection can prevent or delay progression to end-stage renal disease (ESRD).
CKD was not listed among chronic diseases in the 2005 WHO report [21, 22] . However, it is exceedingly frequent in patients with cardiovascular diseases where it acts as a risk multiplier [19] . Furthermore, evidence is emerging that CKD is a risk factor for death and other clinical complications in other chronic diseases like in neoplasia and in chronic infections. Interpretative models are being developed to frame the link between CKD and other chronic diseases with the ultimate scope of devising policies aimed at improving clinical outcomes. Proteinuria and microalbuminuria [23, 24] may be useful for the screening of CKD; indeed, studies are currently underway for further testing the value of these biomarkers at population level.
ESRD and the resulting cost of renal replacement treatments are still in an expanding phase [25] . Although the problem is well recognized, few countries have policies for CKD. The high prevalence of CKD, its contribution to cardiovascular risk and to other diseases and its economic implications are still largely overlooked by governments and health authorities and ignored by the population. In a context where costs for other chronic diseases such as hypertension, diabetes and cardiovascular diseases are magnified by the epidemics of obesity [26] and consume a large fraction of health care resources, full recognition of CKD as a preventable disease is important. Indeed CKD prevention may also help to control the cardiovascular burden deriving from these diseases. Even though cardiovascular diseases largely remain the main contributor to the death toll of chronic diseases, communicable diseases are not yet under control in developed countries. CKD is very common in people with infectious diseases and neoplasia and amplifies the risk for adverse outcomes and the resulting costs in these conditions. For these reasons, health policies for CKD need to be harmonized with policies for other chronic diseases.
Information on CKD in the pre-ESRD phases in children is scarce. Available data indicate that CKD at this age are rare [27, 28] . Data on renal replacement therapy (RRT) for ESRD in children are collected by the renal registries in Europe. Although rare, CKD and ESRD in children pose unique challenges because of the many extra-renal manifestations of renal insufficiency that affect growth as well as development.
Economic impact of CKD
Apart from the morbidity, mortality and poor quality of life engendered by CKD and ESRD both in adults [29, 30] and in children [31, 32] , these diseases impose high direct and indirect costs to society. CKD in the pre-ESRD phase entails a cost excess of $26.000 per case per year in the USA [33] . A considerable amount of healthcare funding in Europe is spent on treating dialysis patients. In 2001, it was estimated that in Italy 1.8% of the total health care budget was spent for ESRD patients, who represented 0.083% of the general population [34] . Renal transplantation is the most cost-effective renal replacement therapy [35] . The costs of treating patients living on a transplant are indeed by one-third to one-quarter lower than those spent on dialysis patients [36] .
Data sources
The present review is based on a compilation of studies on the prevalence of CKD among children, adolescents and adults and on the data of the Registry of the European Renal Association-European Dialysis and Transplant Association (ERA-EDTA) that collects data in patients with ESRD on RRT. Available data on the prevalence of CKD (stages [1] [2] [3] [4] [5] in EU countries were summarized in presentations given at a recent convention on CKD in European countries made at the XLIV Congress of the ERA-EDTA (Barcelona, 21st-24th June 2007) [37] and unpublished information for some EU countries was derived from these presentations.
Data on CKD are very scarce. Whenever possible, the CKD data are presented according to the internationally accepted definition established by the Kidney Disease Improving Global Outcomes (KDIGO) initiative (Tables 1  and 2 ). Data about CKD in children are presented according to available GFR cut-offs. European data on CKD have been gathered both by using medical databases (Ireland, England, Italy) or population surveys. For the 27 EU Member countries, national surveys on the prevalence of CKD among adults are available for 12 countries. The data for the United Kingdom (UK) and Ireland and part of the Italian data were based on information derived from general 214 Chronic kidney disease and end-stage renal disease practitioners databases. Data from other countries are based on population samples representative of the general population of those countries. CKD data from medical databases overestimate the prevalence of diseases and this is apparent also in the data collected in this review.
In quite a number of EU Member States renal registries are able to provide complete and reliable individual patient data on the incidence and prevalence of RRT for ESRD to the ERA-EDTA Registry for international comparison. Other Member States, especially some larger ones, are not yet able to provide individual patient data covering their whole country (France, Germany, Italy, Spain and Portugal). Most new Member States as well as non-Member States have renal registries in development that will only include complete patient data in another few years. These different stages of development of renal registries hampered comparisons across Member States and non-Member States. On the other hand, the availability of individual patient data within one European ERA-EDTA Registry facilitated the comparisons as at least a large part of the data could be analysed using exactly the same methodology.
The ERA-EDTA Registry (http://www.era-edta-reg.org) collects individual and aggregated data from national and/or regional renal registries in Europe and countries bordering the Mediterranean Sea. The individual patient data are used for epidemiological analysis to calculate incidence, prevalence and patient survival. These are published in the Registry annual reports together with aggregated incidence and prevalence data that are received from other European countries. In addition, the Registry performs more focused studies using data from a segment of the catchment population with the aim of answering specific research questions. The resulting information may assist health authorities and health planners in the formulation of policies for the care of renal failure in the EU. For this report incidence and prevalence data on RRT were used from 42 registries in 29 countries. National and regional renal registries including individual patient data collect at least the date of birth and gender of each patient starting RRT in their coverage area together with information on primary renal disease and the start date and type of RRT. During the follow-up of the patients, the changes in treatment and the date and cause of death are registered. Registries collecting aggregated data usually perform yearly surveys among their renal centres. As availability of data depended on the existence of national and regional renal registries and the completeness of the coverage of their countries, data on RRT over the period 1992-2005 are incomplete. Seven EU-15 Member States (Austria, Belgium, Denmark, Finland, Greece, Sweden and The Netherlands) were able to provide complete individual patient data for the whole country over the entire period and six EU-15 Member States (France, Germany, Italy, Portugal, Spain and UK) provided individual or aggregated data either over a shorter period or with incomplete coverage of their country. Nine additional EU-27 Member States (Bulgaria, Czech Republic, Estonia, Hungary, Latvia, Poland, Romania, Slovakia and Slovenia) and a number of non-Member States were able to provide aggregated data over a shorter period. The data used for mortality analyses included patients who started RRT over the period 1996-2000 from 16 renal registries in 9 EU-15 Member States (Austria, Belgium, Denmark, Finland, Greece, Spain, Sweden, The Netherlands, UK) plus Iceland and Norway. The data on public health control tools and policies were collected from renal registries and from national experts in this area.
Data description and analysis

Incidence
Children and adolescents. CKD in the pre-ESRD phases in childhood and adolescence in the above-mentioned population-based registry in Italy (Italkid) have shown an incidence rate of CKD (defined as a GFR <75 ml/min per 1.74 m 2 ) of 12.1 cases per million of the age-related population (pmarp) [27] . In the Swedish study (considering children and adolescents in the 6 months-16 years range) the corresponding figure was 7.7 cases/year pmarp (<30 ml/ min per 1.74 m 2 ) [28] . In 2005, the incidence rate of RRT for ESRD in children aged 0-14 was 7.1 patients pmarp (Table 3) .
Adults. CKD incidence in adults has been studied very little [38] and is marred with difficulties [39] . No data have been published in Europe. In the Atherosclerosis Risk in Communities (ARIC) Study in the USA, a study which enrolled individuals 45-64 years old, the incidence rate of 3-5 CKD was 7.8 per 1000 patient years [40] . Similarly scarce are the data concerning changes in CKD over time, whilst the correlation with changes in the incidence of ESRD are mainly based on NHANES surveys and on a survey made in Norway. In the USA, the incidence of ESRD appears to be increasing faster than that observed for CKD [41] . Indeed, nine new cases of ESRD developed in 1983 for every 1000 prevalent patients with CKD in 1978. By comparison, 16 cases of ESRD had developed in 1996 for every 1000 patients with CKD in 1991. A similar finding in terms of the relative stability of CKD versus a marked increase in ESRD was noticed in a second study that examined NHANES data [2] . In Europe, similar data are available only in Norway. The prevalence of 1-5 CKD in Norway was 10.2% which is similar to the current prevalence in the USA (11%). This contrasts with ESRD incidence rates which are three times higher in the United States compared to Norway. In a recent comparative study [8] , the relative risk for progression from CKD stage 3 or 4 to ESRD in US white patients compared to Norwegian patients was 2.5. This was only modestly modified by adjustment for age, gender, and diabetes. Age and GFR at the beginning of dialysis were similar, hypertension and cardiovascular mortality in the populations were comparable, but US white patients were referred later to a nephrologist and had a higher prevalence of obesity and diabetes.
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Chronic kidney disease and end-stage renal disease In 2005, the incidence rates of RRT for ESRD ranged from 57 patients pmp in Estonia to 205 patients pmp in Portugal (Tables 4 and 5 ). The incidence rate of RRT for ESRD in 2005 steeply increased with age and was higher in males than in females (Table 3 ). Whereas incidence rates in Canada (160 pmp in 2005) are similar to those in Europe, incidence rates in US whites (286 pmp in 2005) [42] are 1.5-3 times as high as in Europe. This is partly due to a higher US incidence rate of diabetic ESRD.
Trends in incidence over time
There is no information on the trends of the CKD incidence rate in children/adolescents or adults. In the 1992-2005 period, the incidence rate of RRT increased by more than 50% (Table 3) . This was primarily due to the fact that the incidence rate in patients over 65 years of age had more than doubled. Whereas the incidence of RRT for diabetic and hypertensive ESRD became twice as high, the incidence of RRT for ESRD due to glomerulonephritis/ glomerulosclerosis remained stable. Although there are considerable differences in absolute incidence rates of RRT for ESRD across countries, there was a consistent increase in incidence rates in virtually all Member States at least until 2002. This was mainly driven by an increase in the incidence rates of RRT for diabetic and hypertensive ESRD [43, 44] . After 2002, the incidence rates have tended to stabilize. The stabilization, or even decrease in some causes of ESRD, has prompted some investigators to suggest that treatment strategies for the prevention of ESRD have finally started to bear fruit [45, 46] . The increasing incidence rates together with improvements in survival of RRT patients [47] resulted in a concomitant increase in the prevalence of RRT over the past decades that is posing a still increasing economic burden on Member States.
Socioeconomic variation in incidence
The incidence rate of RRT was higher in socially deprived areas of the UK than it was in other areas [48] .
Prevalence
Children and adolescents. Information on CKD in the pre-ESRD phases for children and adolescents is very limited [27, 49] . Data in a population-based registry in Italy including all people <20 years reported a prevalence of CKD (defined as a GFR <75 ml/min per 1.74 m 2 ) of 74.7 cases pmarp [27] . In a survey in Sweden in a more restricted age-range (6 months-16 years) and applying a lower GFR cut-off for defining CKD (<30 ml/min per 1.74 m 2 ), the corresponding figure was 21 cases pmarp [28] .
The prevalence of ESRD undergoing RRT in children (<20 years) in Europe is about 60 cases pmarp [50] . In 2005, the prevalence of RRT in the 0-to 14-year age group was 43 pmarp (Table 6 ).
Adults. The prevalence of CKD by stage (as defined in Tables 1 and 2 ) in The Netherlands [7] and in Spain [51] is shown in Figure 2 . The prevalence of stage 3-5 CKD-i.e. the stages showing a higher risk for CV complications and for evolution to ESRD [52] -in population-based studies ranges from 3.57% (Norway) [8] to 7.2% (Germany) [53] in males and from 6.2% (Italy) [10] to 10.2% (Iceland) [5] in females (Figure 3) , while higher figures are reported in medical databases [54] . The stage 3-5 CKD prevalence was either similar in males and females (Germany, Italy) or higher in females (Belgium [11] , England [54] , Iceland [5] , Norway [8, 9] ). The prevalence of stage 3-5 CKD was indeed 1.3-1.5 times higher in medical databases in Ireland, England and Italy than in population based studies in Belgium, Netherlands, Spain, Italy, Iceland, Norway. The prevalence of stage 3-5 CKD appears reasonably similar across EU countries and more frequent in females than in males. The higher prevalence on CKD in females, which flies in the face of ESRD statistics where men are disproportionally affected (Table 6 ), may depend on the fact that the GFR, as estimated by the MDRD equation [1] , is lower in females than in males. Furthermore, the performance of this equation in people with normal or mildly impaired GFR may be sub-optimal [55] . In all countries where this information was available, the prevalence of stage 3-5 CKD increased with age ( Figure 4) .
In 2005, the crude prevalence of RRT for ESRD at the country level varied from 321 patients pmp in Romania to 1057 patients pmp in Germany (Tables 7 and 8 ). It increased with age and was more than 50% higher in males compared to females (Table 6 ). The prevalence of RRT in Europeans is lower than that in US whites (1209 pmp) and in Canadians (1003 pmp) [42] .
Trends in the prevalence over time
There is still very scarce information on time-trends of CKD. The most solid source of information remains the periodic surveys made in the USA (NHANES III and NHANES IV performed between 1988 and 1994 and between 1999 and 2004, respectively). In those surveys, the prevalence of stage 1-5 CKD rose from 14.5% (NHANES III) to 16.8% (NHANES IV) [37, 56] , while the prevalence of stages 3-5 remained almost unmodified at about 6%. None of these data are available in European countries.
In Europe, over the period 1992-2005 (Table 6) , the overall crude prevalence of RRT for ESRD increased from 480 to 807 patients per million population (pmp). This was due to a 40% increase in the 15-64 age group and a more than 130% increase in the 65+ age group. In the 0-14 age group, however, the prevalence remained stable throughout the period.
Mortality
A recent meta-analysis has shown that the risk of mortality in CKD rises exponentially with decreasing GFR [42] . Mortality in ESRD patients is very high. Five-year mortality rates in incident RRT patients are 52% in all patients, and 21%, 32% and 73% for patients aged 0-14, 15-64 and over 65 years of age, respectively (Table 9) . Five-year mortality 
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Chronic kidney disease and end-stage renal disease in patients on dialysis is almost five times as high as that after kidney transplantation: 60% and 13%, respectively. Mortality on RRT is lower in Europe compared to the USA [48, 49, 57] . Also within Europe there are considerable differences in patient survival [58] . Studies to investigate the reasons for international differences in outcomes in haemodialysis patients are in progress [59] .
Trends in mortality over time
Previous analyses have shown that compared to patients starting dialysis in the cohort 1980-1984, dialysis patients in the more recent cohorts had a 6% (cohort 1990-1994) and 12% (cohort 1995-1999) lower risk of death. The mortality risk reduction in transplant recipients was much higher: 32% and 56%, respectively [60] .
In conclusion, there is still a paucity of data on CKD. The available data suggest that the prevalence of stage 3-5 CKD is reasonably similar across EU countries and higher in females than in males. Although there are considerable differences in absolute incidence rates of RRT for ESRD across countries, there was a consistent increase in incidence rates in virtually all Member States, at least until 2002. This was mainly driven by an increase in the incidence rates of RRT for diabetic and hypertensive ESRD. After 2002, the incidence rates have tended to stabilize. The stabilization, or even decrease in some causes of ESRD, have prompted some investigators to suggest that treatment strategies for the prevention of ESRD have finally started to bear fruit [45, 46] . While patient survival is improving the mortality among ESRD patients is still very high. Although the better survival of transplant recipients is, at least in part, due to selection bias, the survival of RRT patients could be considerably improved at reduced costs by increasing organ donation rates. The increasing incidence rates together with improvements in survival of RRT patients [47] resulted in a 219 C. Zoccali et al. Table 9 . concomitant increase in the prevalence of RRT over recent decades that is posing a still increasing economic burden on Member States.
Risk factors for CKD
Hypertension and diabetes [61] , obesity [62] and perhaps non-traditional risk factors such as anaemia, hyperphosphatemia, high plasma C reactive protein and fibrinogen, high sympathetic activity and accumulation of endogenous inhibitors of nitric oxide synthase [63] appear to be the main drivers of CKD at population level. Patients with neoplasia and with chronic infectious diseases such as HIV and viral hepatitis (HBC) and patients exposed to nephrotoxic drugs are at higher risk for CKD. There are no data on the relationship between socio-economic status and CKD. It is likely that these links actually exist. Social inequalities affect the health of disadvantaged people for various reasons including access to education and health promotion initiatives and the psychosocial consequences of socio-economic inequalities. This is true for diseases such as hypertension [64] and diabetes [65, 66] in adults and obesity in children [67] . Since these risk factors are also the main drivers of CKD, it appears likely that socioeconomic factors are also linked to CKD. According to data from the UK Renal Registry [48] , the prevalence of RRT was higher in socially deprived areas of the UK. Currently, diabetes mellitus is the most common cause of RRT for ESRD, affecting more than 22% of the incident patients.
Apart from international differences in the incidence rates of RRT for diabetic ESRD and differences in stages of economic development across EU Member States, the causes for the considerable differences in the overall incidence rates of RRT between Member States are largely unknown. The incidence of RRT is the outcome of a complex interplay of many factors that have effects in different directions. The number of patients developing ESRD will, among other factors, be affected by the age and gender distribution in the general population, by the prevalence of underlying causes of ESRD, by the access to and quality of health care and by survival from so-called competing risks (e.g. cardiovascular mortality in the general population) [47] . Another factor that must be considered is that once patients have developed ESRD, they may or may not be taken into RRT. There are no data available that support or refute the hypothesis of restriction of RRT, at least not in Western European countries.
Control tools and policies
Secondary prevention
It is still uncertain whether screening the general population for CKD is cost-effective [23, 68] . Targeting individuals with cardiovascular risk factors or with cardiovascular disease (i.e. those individuals in whom CKD acts as a risk amplifier) and diabetics appears to be a reasonable approach to the problem [14] . Mass screening through the measurement of albumin excretion has been advocated by investigators in Groningen (The Netherlands) and a cost-effectiveness analysis in support of this contention has been provided [24] . Patients with neoplasia and with chronic infectious diseases such as HIV and viral hepatitis (HBC and HBB) are at higher risk for CKD. When the risk of complications due to modifiable factors is high, for example when nephrotoxic drugs should be used for the treatment of neoplasia, screening for CKD appears advisable. Both in patients with neoplasia and in those with chronic infections, screening for CKD could be implemented using the existing infrastructures used for the detection of these diseases.
Policies
• The Danish Health Ministry has had a quality improvement program for RRT, administered by the Danish Society of Nephrology since 2000. Up until now, the eight parameters collected have been mainly biochemical, but as of 2009, quality measures will be based on patient outcomes, referral patterns and hospital administration.
• In Greece, the Ministry of Health has not issued any objectives, nor has undertaken any initiative relating to the incidence and the course of CKD. Commission whose aim is to give assistance in the collection of clinical performance indicators in RRT that are comparable at international level.
Future developments
There is a need for an integrated strategy of community management of CKD, including self-care and longterm conditions. New models and new technologies (e.g. telemedicine) may be very helpful in this respect. The RenalPatientView, which is being rolled out in a number or renal units in the UK offers a web-based system to provide support to kidney patients. Monitoring and evaluation are essential in the prevention of ESRD and in the improvement of survival and quality of life of those patients for whom ESRD cannot be prevented. Under the umbrella of the ERA-EDTA Registry, most of the national and regional renal registries in EU Member States have started to collaborate within the QUEST initiative [69] . This initiative includes not only European collaborative studies on different aspects on the quality of ESRD care, but also projects to stimulate the future EU wide availability of comparable data on clinical performance indicators in RRT. The availability of these data would facilitate (inter)national benchmarking and the collection of new epidemiological knowledge. In addition, such data will assist policy makers and other stakeholders in guiding their decisions. The NephroQUEST project that has recently been funded under the Public Health Programme of the European Commission will help making these data available through the standardization of clinical performance indicators, the development of techniques to automatically extract clinical data from electronic medical records and by bringing renal registries in development up to high quality standards.
As already summarized in the paragraph on policies a growing number of Member States have developed national health policies regarding RRT for ESRD. In contrast, only very few countries have developed this kind of policy for CKD. The development of these policies, however, including full recognition of CKD as a preventable disease and the development of meaningful screening strategies and prevention programs is vital. As stated in the introduction, these policies for CKD will need to be harmonized with policies for other chronic diseases. However, in Europe there is still no document on pan-European or national health plans of the calibre of Healthy People 2010 (http:// www.healthypeople.gov/), i.e. a document that challenges individuals, communities and professionals to take specific steps to ensure that good health, as well as long life, are enjoyed by all. In Healthy People 2010, specific goals have been fixed for curbing ESRD in the American population. Indicators on these goals are currently being monitored (http://www.ep.niddk.nih.gov/Divisions/kuh/kidneyHP2010. htm).
In most Member States, multinational dialysis companies have taken over or set up haemodialysis centres. Over the next few years, the number of these private centres is expected to grow. On the other hand, in Europe the availability of cadaver kidneys for renal transplantation is far below the demand. As patient survival and quality of life are higher in transplant recipients compared to dialysis patients, whereas costs of treatment are lower, it is important to increase organ donation rates. Some countries (Spain, Scandinavian countries, Austria) have successfully implemented policies that ensure superior donation rates. Legislation and the development and promulgation of specific policies at European level may be of help for improving organ donation rates in other countries.
